The vibration problem of the general system is the main object of research. The material properties and geometry of general system are random parameters because of the manufacturing environment, technical conditions, manufacturing and installation errors, multiphase materials, features and other factors. According to the relation criterion that the difference between the natural frequency and the driving frequency of general systems is not beyond a specific value, the vibration reliability mode and vibration reliability of general systems are defined considering the correlation of the multi-order natural frequency and the random characteristics of structure size and material, and the vibration reliability analysis method for avoiding the resonant is carried out. The second-order joint failure probability is obtained by using the numerical integration method. Based on the reliability design theory and sensitivity analysis method, the vibration reliability sensitivity of the general system with correlation failure modes is extensively discussed and a numerical method for vibration reliability sensitivity design is presented. The variation regularities of vibration reliability sensitivity are obtained and the effects of random parameters on vibration reliability of the general system are studied. The presented method provided the theoretic basis for the reliability design of the general system. A numerical example demonstrated that the proposed method is effective.
Introduction
Parameter uncertainty of general systems is inherent in most engineering problems. Reliability sensitivity analysis can help the designer to establish acceptable parameter values on structures and to determine the fluctuations of the system parameters, and select acceptable tolerances and parameters. Reliability sensitivity analysis has been widely applied in reliability engineering design to estimate the effect of a change in a random variable on the probability of structural failure, to obtain valuable information on model behavior, to evaluate the accuracy of a model, and other purposes. A set useful sensitivity analysis in system reliability has practical applications in reliability-based design, in optimization of structural design, construction, maintenance and inspection under reliability constraints, in parameter studies of the reliability, and in reliability updating. Structural reliability sensitivity calculation methods are well developed [1] [2] [3] [4] [5] [6] . These publications have presented the efficient and accurate computational reliability sensitivity methods.
Up to now, failure problems of uncertain vibration structure systems have followed two paths. One is failure research on the basis of the responses (displacement, stress, etc.) of system [7] [8] [9] [10] [11] [12] [13] [14] . The other is failure research on the basis of the relation between natural frequency and forcing frequency of general systems at resonance and non-resonance [15, 16] . In this paper, the vibration reliability and vibration reliability sensitivity analysis method of general system with correlation modes are presented. The failure model and failure probability of the general systems are defined. The relation criterion of difference not beyond special value of the natural frequency and forcing frequency is proposed. The reliability mode and the safety probability of the general system are defined as series mode, the reliability and reliability sensitivity analysis method for vibration problem of the general systems with correlation modes is studied by using the random perturbation technique, reliability theory and sensitivity technique. The effects of random parameters on vibration reliability of the general system are studied.
Random perturbation of eigenvalue
According to the vibration theory, the generalized eigenvalue problem of general system can be written as follows:
where ω k is the kth natural frequency, X k is the kth natural mode., K and M are, respectively, the stiffness and mass matrices of the general system. According to the random perturbation theory, K, M, ω k and X k can be expressed as follows:
where K 0 , M 0 , ω k0 and X k0 are, respectively, the mean value of K, M, ω k and X k . ∆K, ∆M, ∆ω k and ∆X k are, respectively, the random perturbation of K, M, ω k and X k . When Eqs. (3)- (6) are substituted into Eqs. (1) and (2), the first perturbation is obtained.
Both sides of the Eq. (9) is multiplied by T 0 k X , ∆ω k can be written as
∆K , ∆M and 
where B=(b i ) s is the random parameter vector of general system.
Substituting Eqs. (12)- (14) into Eq. (11), the covariance of the natural frequency can be obtained.
where
Vibration reliability analysis
When resonance of general system occur, which can cause the failure of systems, or the state of structure systems is in what may called the quasi-failure state.
According to the reliability theory, the state function of general system with vibration is defined as ( , ) ( 1,2, , )
where Ω is the forcing frequency. ω i is the ith natural frequency. According to the relation criterion of natural frequency ω i and forcing frequency Ω, the quasi-failure state of general systems is represented as 1 2 ( , )
where γ is a specified range.
So, the resonance failure problem of general system can be simulated with the series system. The structural chart of series system is shown in Fig. 1 .
The exact solution of system failure probability can be obtained with the one-, two-, and m-order joint failure probabilities of structural failure modes. It is expressed as ( 1)
where P i is the probability of failure of the one-order failure mode. P ij , P ijk and P 123 … m are the two-, three-and m-order joint failure probabilities of failure mode, respectively. Eq. (19) is the precise formula of probability of failure. It is clear that the more terms in Eq. (19), the more precise results can be obtained, but the more computations will be done. In 
